Recombination occurs in automictic parthenogens, but it is localized to the DNA between the chiasma and the telomere if central fusion (fusion of non-sister nuclei of meiosis II) occurs, and to the DNA between the chiasma and the centromere if terminal fusion (of sister nuclei of meiosis II) occurs. Independent assortment of recombined DNA leads to more variability. Here it is argued that by comparing heritabilities obtained from sib analysis of sexually-reproducing individuals with heritabilities obtained from parent-offspring regressions of automictic individuals, one can obtain an estimate of the coefficient of relationship (r) between auto mictically produced offspring and their parents. The coefficient of relationship for different traits will differ and can be related to the average position (in relation to chiasmata) of genes affecting the trait or to the heterozygosity of the genes.
Introduction
A honeybee worker is normally produced by the fusion of a queen's gamete with that of a drone. Thus, in honeybees, parent-offspring regressions are normally not possible because drones and queens differ physiologically from workers, In the Cape honeybee (Apis mellifera capensis) workers can be produced in another way: by automictic parthenogenesis with central fusion (the pronucleus and one of the second division products of the first polar nucleus fuse; Verma & Ruttner, 1983) . This ability has been used (Moritz & Hillesheim, 1985; Moritz & Klepsch, 1985; Hillesheim & Moritz, 1987) to avoid the physiological problems and allows the estimation of heritabilities of traits using parent-offspring regressions. An assumption made for this approach is that the coefficient of relationship (r) between workers and their parthenogenetically produced worker offspring is equal to 1. The limitations of this assumption are examined here, and the logic of the argument is used in reverse to estimate r in parthenogenetic offspring from measures of heritabilities.
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Effects of crossing-over
The model of central fusion in Fig. 1 explains the rationale for estimating r as equal to 1, as it predicts that the offspring will have exactly the same genotype as their parents, i.e. they are apparently clones of their parents. However, if there is any crossing-over of heterozygous loci during miosis I, r will be smaller than 1 (Fig. 2) . After crossing-over, heterozygous genes between the chiasmata and the telomeres stand a 50 per cent chance of becoming homozygous. In each of the 16 bivalents of the Cape honeybee there are normally two crossovers, one per arm (Verma & Ruttner, 1983 ); a total of at least 32 crossovers.
Additional recombination follows crossing-over because all of the DNA between the chiasmata and the telomeres of different chromosomes assorts independently. If one considers more than one chromosome, even more recombination will arise (Table 1) . Both sources of recombination undermine the assumption that r = 1.
It should be realized that r does not have the same value for all of the genes in an organism, as it depends on where the genes affecting a trait are situated relative to the chiasmata, and on how many of these genes are heterozygous. Recombinant genotypes can only be produced by a loss of heterozygosity.
Turning to the results of experiments based on the assumption that r= I (Moritz & Klepsch, 1985; Hillesheim & Moritz, 1987) , an interesting pattern shows up in 10 out of 110 estimates of heritabilities. The heritabilities obtained from parent-offspring regressions (h) are always smaller than heritabilities obtained by using sib analysis (h). h consists of:
where VA = additive variance, VD =dominance variance, VH = variance due to common hive effects, VM = maternal variance and V = phenotypic variance. h consists of: The discrepancy between these estimates may be ascribed to variability in h2 during different seasons of the year (Johansson & Korkman, 1950 ) that affects VH, VM and V; to the additional component of a common hive environment in h (Hillesheim & Moritz, 1987); and/or to an overestimate of r (Moritz & Klepsch, 1985) which will reduce the magnitude of VA and V1) in equation 2 (cf. equations 2 and 5). An overestimate of r is almost inevitable if the effects of crossing-over are ignored, and it is very likely to contribute to the above discrepancy. A difficulty is that this overestimate is not a constant and will vary according to the position (in relation to the chiasma/ta) of the (2) genes affecting the trait and their initial heterozygosity. Thus r will be different for different traits, but it can be estimated from the discrepancy between /i and h.
Estimating r
Interesting information can be obtained by reversing the whole analysis. The covariance between parent and offspring is explained as (Malecot, 1948) :
where Cov0 = covariance of parents with offspring, Q = average probability of an allele in an individual being present in one of the nuclei that will undergo central fusion and Q' = average probability of the homologous allele in that same individual being present in the other nucleus that will undergo central fusion (these definitions of Q and c ' were altered from Malecot's (1948) to accommodate automictic parthenogenesis). Moritz and Klepsch (1985) set Q equal to 1 to obtain equation 2. Because there is recombination this is clearly not the case. Q is equal to Q'. Setting Q = = x, rather than 1, reduces equation r might be used (in a tenuous way) to make comparisons between the heterozygosity and position of genes relative to chiasmata for different traits. Unfortunately, these manipulations can lose their resolution because of two specific genetic effects. First, if a trait is controlled by more than one gene, an average value for the genes will he obtained and this, as the number of genes increases, will become more and more meaningless. Second, in honeybees, if the genes affecting a trait are linked to the sex determination gene, the trait will be more likely to be clonally propagated, because honeybees that are homozygous for the sex determination gene(s) (diploid drones) are eliminated by the workers within 6 h of hatching (Woyke, 1963) .
These arguments have centred around the Cape honeybee but the same approach should be possible in other automictic organisms (including those that undergo terminal fusion as opposed to central fusion), as long as there is a sexually-reproducing form with which to compare. In organisms showing terminal fusion, the DNA that undergoes reconihination does not lie between the chiasma and the telomere but between the chiasma and the centromere. 
